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The problem of the Casimir force for bodies immersed
in a third medium was first solved by Dzyaloshinskii and
Pitaevskii,1 and various aspects of related problems have at-
tracted much attention in recent years. For instance, an ex-
pression has been obtained for the van der Waals (or Casimir-
Polder) interaction between two molecules in a dispersive and
dissipative dielectric medium:2–4

W (|ra − rb|)

= − ¯
2π

∫ ∞

0
duαa(iu)αb(iu)Gij (ra, rb, iu)Gji(ra, rb, iu),

(1)

where αa(iu) and αb(iu) are the electric polarizabilities, eval-
uated at imaginary frequency, of atoms a and b, ra and rb de-
note the positions of the atoms, and summation over repeated
indices is implied. The Green dyadic G(r, r′, ω) satisfies[

∇ × ∇ × −ω2

c2
ε(r, ω)

]
G(r, r′, ω) = 1δ(r − r′, ω),

(2)
together with the usual boundary condition at infinity, and is
given in the case of a homogeneous dielectric medium with
complex permittivity ε(ω) and refractive index n(ω) by5

Gij (r, r′, ω) =
(

1 + 1

k2
m

∇∇
)

eikm|r−r′|

|r − r′| , (3)

where km = √
ε(ω)ω/c = n(ω)ω/c. One obtains

Gij (r, r′, ω) =
[
δij − RiRj/R

2 − (δij − 3RiRj/R
2)

×
(

1

k2
mR2

− i

kmR

)]
eikmR

R
(R = |r − r′|),

(4)

which results in the familiar formula for the electric field at
all distances from an electric dipole. The van der Waals in-
teraction derived by Rodriguez and Salam (RS) (Ref. 6) has
the same form as (1), but their Green function differs from (4)
and, therefore, the interaction they obtain differs from that of
Ref. 2. We argue here that the formulas they use for the Green
function and the electric field violate basic requirements of
causality and unitarity, and therefore that RS do not obtain a
valid van der Waals interaction.

Consider first the Green dyadic. The well-known expres-
sion (4) is analytic in the upper half I+ of the complex fre-
quency plane, as required by causality,7 since G simply relates
the electric field to its source. The Green function in Eq. (15)
of RS, however, violates this basic requirement. Specifically,
the first term in the second equality of their expression (15)
is proportional to the imaginary part of the refractive index
n(ω), which, unlike n(ω), is not analytic in I+.8 Unlike (4),
furthermore, the Green function of RS is not retarded; it has a
term without a factor exp(ikmR), corresponding to an instan-
taneous, static electric field. RS obtain as in Ref. 2 the correct
|ra − rb|−7 dependence of the interaction energy at large sep-
arations, the so-called “retarded” van der Waals interaction,
but this does not contradict the fact that their Green function
is not retarded in the usual sense, as the static part of their
Green function varies as R−3 and does not contribute to the
large-separation van der Waals interaction.

The issue of retardation bears on the RS conclusion that
the van der Waals interaction persists even in the limit of
large absorption: because it has no factor exp(ikmR), the
nonretarded part of their G does not decay with R as exp
(-Im[km]R). RS associate this part of G with the longitudi-
nal component of the electric field, which, like the transverse
component, is not retarded.9 They appear to ignore the obvi-
ous fact that it is the full, retarded electric field, longitudinal
plus transverse, that is physically meaningful9, 10 and medi-
ates the interaction, and that this field from any source in the
medium is retarded.

RS claim that their Green function was “derived by
explicitly accounting for the effect of absorption in the
medium,” but what they in fact do is infer their G by calculat-
ing the interaction using perturbation theory with the electric
dipole interaction [see their Eq. (6)]

Ĥint = −p̂a · Ê(ra) − p̂b · Ê(rb), (5)

where p̂ is the electric dipole moment operator and the electric
field operator Ê is given in their Eq. (1). (We use circumflexes
to denote operators.) In other words, their G, and all the con-
clusions that RS draw from it, is based on their expression for
Ê, which we now argue is invalid.

For frequencies ωk at which absorption can be ignored,
the electric field operator has the form11

Ê(r, t) = i
∑
kλ

(
2π¯ωk

V

)1/2

[(nk)−1/2âkλ(t)ekλe
ik·r − h.c.]

(6)
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in the familiar notation in which âkλ and â
†
kλ are annihila-

tion and creation operators, respectively, for the field mode
with propagation vector k and polarization λ; ekλ is a po-
larization unit vector, V is a quantization volume, and nk is
the (real) refractive index at frequency ωk . For simplicity, we
have written the field for the case in which dispersion is neg-
ligible. Now in writing their Ê RS assert that, in the case of
an absorbing medium, all one needs to do is replace â

†
kλn

−1/2
k

in (6) by â
†
kλn

∗−1/2
k , thus maintaining Hermiticity, and allow

k to be complex. They cite for support of this the work in
Ref. 12, but in Ref. 12 it was assumed that the refractive index
at frequencies of interest is purely real, i.e., that the medium
is non-absorbing. The generally accepted expression for the
quantized electric field in a dispersive and absorbing homo-
geneous dielectric medium13 is very different from that em-
ployed by RS. In particular, the Ê assumed by RS decays ex-
ponentially with propagation distance from a point r = 0 that
they regard as “the point of creation of the field.” It is not clear
what defines this point of creation; in any event their expres-
sion for the field implies Beer-law decay of the electric field
operator. This implies that canonical commutation relations
for electromagnetic field operators decay to zero from this
point of creation, thus violating another fundamental require-
ment (unitarity) that such commutation rules be preserved.

RS misinterpret a conclusion of Ref. 2 when they state
that absorption in the medium “must yield a result for the dis-
persion potential that is different than if it were ignored alto-
gether, unlike as claimed in Ref. 2.” We made no such claim.
We only showed that one could derive the interaction without
explicit account for absorption, as long as the correct analyti-
cal properties of the permittivity are recognized in order to be
able to express as in Eq. (1) the interaction in terms of imagi-
nary frequencies, for which the permittivity is real regardless
of absorption. This circumstance is well known in the context
of the Lifshitz theory, as was discussed in our paper. In partic-
ular, the remarks after Eq. (46) of Ref. 2 make it abundantly
clear, in our opinion, that the various van der Waals interac-
tions considered there are in fact affected by absorption.

While we are unaware of any experimental evidence that
supports or refutes the results of Ref. 2 or of RS, the incon-
sistencies of the latter with some basic principles cast very
serious doubt on their validity.

a)Author to whom correspondence should be addressed. Electronic mail:
dalvit@lanl.gov.
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